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Army C orps of Enginee rs and p ubli c utility districts have been building dams that, as a side effect, block passage of the egg-bloated salmon and that of their offspring, or "smolts." And for nea rly two decades, scientists like Larry Weber have been attempting to restore the salmon's ability to reprodu ce as they are ge netically programmed to do. " It's not a simple engineering problem," Web er said, fiddli ng w ith a sm all-scale model of a sys tem h e design ed to ge t sm olts safely p as t a dam 's hydroelec tric turbines into the free-flowing river below. "We n eed to use studies of fi sh ecology and behavior, because even the best-engineered byp asses are often stymied by the eccentricities of fish behavior."
A small-scale physical model of a hydro power turbine and its water flow is under study at the University of Iowa's Institute of Hydraulic Research.
For this reason, live fish are som etimes fe d through the sm all-scale m odels of byp ass system s. T heir patterns of m ovem ent are carefully recorded, so m etimes w ith surprising results. " Once we thought we had the p elfect bypass," Weber said, " until we put fish into the model and fo und them congregating in corn ers of a sq uare byp ass pip e w h ere the curre nt was weak, trying to swim bac k upstream. We quickly replaced a square bypass pip e w ith a ro und one and the probl em was solved."
In the las t few years, the Ins titute of H ydrauli c R esearch at the University ofI owa h as developed a numer- ical code that accurately predicts the three-dimensional fl ow of water over th e variable b ed of a dam 's forebay and into a hydropower plant's intakes. In addition, fisheries biologists working ind ep endently have identified basic behavioral patterns of salmonids.
For example, sm olts are known to avoid areas of rapid water acceleration and high turbulence, and they prefer to change direction laterally rather than vertically. Weber, a research engin eer at the institute, is working with u.s.
Army Corps of Engineers ecologist John N estler in an attemp t to integrate fi sh tracking data and rive r hydrodyn amics in a totally unexplore d m anner. The two research ers are working to merge the knowledge of wa ter flow and fish behavior into a single computational fluid dynamics code that will better predict the fish-related effects of proposed changes in a given hydropower operation. This is but one of m any ways in which engineers at the Iowa Ins titute of H ydrauli c R esearch use state-of-theart resea rch techniques and equipment to provide solutions to practi cal water-related problem s. T his h as been going on since 1920, w hen the University ofI owa's H ydraulics Laboratory op ened its doors w ith a straightforward goal in mind: to provid e the nation with its first industry-sp o nso red tu rbine-testing lab oratory west of the M ississippi River. T he goal was rapidly displaced by a diversity of o ther proj ects, and within a few years the laboratory (with a fulltime research staff of one) was off to a multifaceted career of tes ting road culverts, gauging current meters, investigating characteristics of river flow over weirs, and describing scour around bridge piers. The course was set.
In the 80 intervening years, the institute, which today incorporates the H ydraulics Lab oratory and six additional research annexes in Iowa City, has m odeled new locks and dams for the Mississippi River, developed classroom and laboratory curricula that fuse flui d m ec hanics and hydraulics, monitored the flow of water from the skies to and through the earth and its water channels, and helped define fundam ental properties of turbulent flow. In the last decade, it has developed numerical m odels to supplem ent data fro m traditional physical models and fi eld efforts.
In short, the institute has investigated m any of the initiatives that today are incorporated in the annals of 20th-century hydraulic engineering and fluid m echanics research . By doing so, it has been a pro totype for hydraulic engineering academic institutes aro und the globe.
Since 1982 , the institute h as receive d co ntrac ts fro m the U. S. Army Corps of Engineers and several electric power utiliti es to seek m eth o ds that w ill dec rease the impact on migrating salmon of the numerous gigantic dams dotting the C olumbia and Snake Rive rs. For most of its studies, the institute has depended on fi eld observation s co mbin ed wi th sm all-scale mod els of th e dam s and of p otential fish bypass structures (su ch as pip es that carry the fish around a dam 's turbines). Although models may b e o nly a hu n dredth th e size o f th e stru ctures they represent , th e m o dels them se lves can still b e gigantic. Th e institut e's 1 :52 m o d el o f th e fo r e b ay of the Wan apum Dam , for example, h olds 120,000 gallons o f wa t e r, and ye t is sufficiently detailed to incorp orate exac t va ri atio ns in th e river's top ography.
assuring that the movements of a single fish can be generalized to represent behavioral responses of actual fish populations moving thro ugh the dam. T his will be determined by overlaying nu mero us ac tual fis h traj ectories (determined through radio telenletry and hydroacoustics) with the calculated three-dimensional hydrodynamics field.
It's not an easy p rocess. Even putting the hydroacoustics se nso rs into the wa ter is ex tremely compli ca ted. T h e senso rs, w hi ch m ust b e fixed to a statio nary str u ctu re (the dam face or river bottom), are mounted as deep as a hundred fee t under the water by dive rs. Doing so is an annual effor t, beca use divers collect the sensors following the three-month fis h migration season. H owever, the effort is wo rthw hile w h en on e considers the high costs and complexity of p hysically modeling large-scale structuralmodifications to guide migrating salmon . O nce C FD m odels that merge wa ter's fl ow w ith fi sh behavior patterns are perfected, the effects of flow charac teristics at co untless points can be m easured rapidly and econ omically, and design decisions can be m ade accordingly. The code thus promises to becom e a formidable planning tool that will save power utiliti es maj or amounts of both time and mon ey.
SOLVING FLUID FLOW PROBLEMS
Fluid flow around ships presents similarly complex problems to fluids engineers. T he complexities of turbulent flow arou n d a ship 's hull , incident ocean waves, b ow spray, and cavitation and bubbly foam replace those of irregular riverbed geom etries and fish behavior. Yet h ere, too, the challenge is fo r more efficient and less expensive designs, in this case to assure that ships costing billions of dollars w ill operate as desired .
For more than a half-century, the institute has been assisting the U.S. N avy in its design and testing of defense ships. In recent years, efforts to develop valid numerical codes for predicting the flow of fluid from bow to stern have been funded by the Office of N aval R esearch, w hich accounts for approximately a fifth of the institute's funding. These codes, w hich require the fas test, most sophisticated comWeber is providing a threedimensional hydro dynamic field to Nestler, wh o also receives biological information of real fis h moving throu gh the flow. N estler determines th e parame ters th e fi sh respond to thro ugh m ultivariate regression. The trick lies in A scale model of a U.S. Navy fleet ship being lowered into the towing tank demonstrates ship hydrodynamics. ME C HANI C AL ENG I NEER I N G J ANUARY 2 000 45 puting in the world, are run on large-scale parallel computers at the D epartment of D efen se's High Performance Computing Modernization Program centers. The codes eventually will allow the results of minute changes in hull or propeller structure to be realized with a few keyboard strokes. Such simulation-base d design would revolutionize th e ship-and submar ine-des ign process, which traditionally has used expensive physical models and towing tanks or (in the las t two decades) a co mbination of tow ing tanks and inviscid flow co des.
A view of the Columbia River downstream at the Wanapum Dam spillway.
Physics-based simulation would make it possible to design a ship 's stru cture to suit its purpose precisely, rapidly, and relatively inexpensively.
Validating the co des as th ey are develop ed is crucial to their success. The institute has built a tool to assist with the process: a towing tank equipped with the only towed (as opposed to stationary) particle image velocimetry, or PIV, system in the world . The system was created by the Danish firm, Dantec Measurement Technology. "This is a modern exp erimental tool for modern flow-fi eld m easureme nts," said Jo e Longo, a postdo ctoral associ:He in charge of the towing tank research. Longo is working on the ship hydrodynamics team led by professor Fred Stern.
According to Longo, a carriage moves along tracks that run the entire length of th e 100-me ter-long tow ing tank. A ship model is attac hed to the carriage, along with the partly submerged PLY, w hich uses a pulsed laser to produce a sheet of light that reflects off seed par ticles, silver-coated glass hollow spheres around 15 microns in diameter, immersed in the flow fi eld. The PlV system prov id es me an and turbul en t ve lo ci ty data rap idly and relatively nonintrusively, over a two-dimensional plane.
The PlV system and other towing tank instrumentation are set up to record such standard data for validating CFD codes as the ship model's resistance, wave pattern elevations, and mean and turbulent velo cities of the fluid in the boundary layer and wake. Two features distinguish the current batch of exp erim ents. The ship model, unlike those tested in the past, is a 1:46 scale model of a typical U.S. N avy fleet ship, w hich 46 JA NU ARY 2000 ME C H AN ICA L ENG INEERI NG includes a sonar dome, propeller shafts and struts, and a transom stern. And this model, for the first time, is being dragged through waves (an unsteady flow problem) rather than through a flat free surface (a stea dy flow problem ). T he waves are generated by a plunger-type wavemaker capable of creating them with precise amplitudes and lengths. "We create the profile of the waves we want on a computer that fe eds the information directly into the wavemaker," Longo explained.
For any of th e unsteady-flow experiments, a land-based data-ac quisition sys tem communi ca t es with th e moving data-acquisition system aboard the drive carriage while measuring th e in cident waves. Thus, the tvlO data-acquisition systems are meld ed into a single synchronously moving complex. At present, only regular or sine waves are b ein g tested. Even though these experiments represent a grossly simplified situation, they are a major step toward modeling a ship operating in a realistic environment that contains waves and currents of constantly va rying velocities, sizes, and directions.
The institute's current simulation co d e, CFDSH lP-Iowa, which predicts th e flow about a ship moving throu gh a calm sea, is now b eing verified and validated as part of an Office of Naval R esearch program to demonstrate th e applicability of CFD to radical n ew ship designs. The co de is also being extended to study unsteady maneuvering and seakeeping, or the stability of a ship in waves . The new towing tank data are being collected to validate next-generation simulations, which will predict the flow of water aro und an actual ship moving through a sea of regular waves.
ASSESSING MOISTURE FLOW IN AIR
Iowa researchers are investigating the flow of moisture through the air as well as over land and through the sea. "We don't eve n know how accurate weather radar is," said Witold Krajewski, senior member of an active group of hydrometeorologists. "We think that radar rainfall estimates are correct to w ithin a factor of two. Our efforts focus on quantifying the un certainty assoc iated wi th rainfall observations, and also on co ntributing to n ew techniques that will refine the accuracy of weath er predi ctio ns." Th ese tec hniqu es, if su ccessful , will allow greatly improved estimates of the quantity of precipitation falling in a specific location. M any of the estimation inaccuracies stem from assumptions about basic charac teristics of rainfall (s uch as th e size, shape, and velo city of falling raindrops) . Greater knowledge about these traits would result in better assumptions, w hich in turn would lead to better precipitation estimates. To this end, Krajewski and other hydro-meteorologists at the institute use a variety of extremely sensitive and precise sensors, each with its own capabilities. Iowa also has the Mobile Rainfall Observatory, a compact trailer that makes it possible to transport these sensors around the globe.
In addition to standard rain gauges and wind instruments, the mobile laboratory carries a vertically pointing Doppler radar and a video disdrometer, designed and built by Joanneum Research in Austria, and one of only three of its kind in the United States. The Dopp ler radar dish, which looks straight up into the sky (as opposed to typical radar that scans from side to side), records a vertical profile of falling rain with extremely high resolution, at lO-meter intervals. The disdrometer uses two video cameras to record the shape and size distribution of individual raindrops. This information feeds into calculations of the volume and rate of falling rain and other important radar parameters. Together, these highly sensitive instruments paint a detailed picture of storm systems.
Professor Bill Eichinger is now working to add another instrument to the researchers' array, a laser-based radar, or lidar, which sends out a pulse of energy that is reflected by raindrops. Eichi nger hopes that th e traits of the returned pulse will make it possible to create detailed high-resolution maps of rain falling within a few kilometers' distance. This will allow the study of the effects of the Earth's surface, such as wind and sLllface ro ughness (hills, buildings, trees, and the like), on the variability of precipitation.
MEASURING TROPICAL RAINFALL
In addition to being instrumental in refining US. weather predictions, the mobile observatory is tied into an international effort called TRMM (for "Tropical Rainfall Measurement Mission"), funded jointly by NASA and the Japanese space agency, NASDA. This mission is attempting to evaluate precipitation over the Earth's tropical belt, which receives abo u t two-thirds of the planet's total rainfall. Improved rainfall ITleaSUrements are crucial to understanding the weather in the tropics, and will feed into our understanding of larger climate patterns, including those that govern our temperate region.
The world's air circ ulation patterns, and thus climate, are strongly influenced by the intense atmospheric energy exchanges associated with tropical rains. Because rainfall data are used as a proxy for atmospheric energy budgets, a factor crucially important to gl obal climate models , TRMM investigations ultimately will be significant in validating these complex numerical models and thus in improving the accuracy of climate change predictions.
Since traditional rainfall measurement techniques are difficult to use in dense tropical forests and over oceans, TRMM is attempting to procure accurate rainfall measurements via satellite. University of Iowa graduate students have taken parts of the mobile laboratory down the Amazon and flown them to the Marshall Islands in the Pacific Ocean, where they have collected ground-based rainfall data that are being used to validate the accuracy of satellite data. These trips add additional trials to the data-collection process: spending days repairing and realigning the optics of instruments that have been badly shaken up during rough truck rides, transporting instruments on World War II troop boats to distant atolls, working through the night on ground that comes to life with hermit crabs searching for food, and placing critical instruments in air-conditioned doghouses to assure that they function in tropical climates.
The institute functions as a research laboratory in an academic setting. Most resea rchers at the institute are professors at the University of Iowa's College of Engineering. Many students-more than half in recent years-are from foreign countries, and many of them return to their homelands once their education is complete. Through them, the institute's ideas and methods are spread abroad. But what about efforts and procedures in other countries? How can US. students be imbued with an understanding of the divergent approaches to water resources and management that are practiced around the globe?
With this in mind, in 1998 the institute started a course called International Perspectives in Water Resources Planning. For two weeks each year this course takes a dozen or so students, along with one or two faculty members, to a region of the world where water problems and solutions are enmeshed in social, political, economic, and environReleasing a weather balloon to calibrate the institute's vertically pointing Doppler radar instrument in the Marshalllslands. mental situations far different from those in the United States. Through pre-travel seminars and lots of local contact at the visit sites, students gain a sense of the complexity of conditions that shape water resource projects today.
" I didn't know that such gigantic dams were being built any more," said one student after touring large reservoirs under construction in Taiwan this past May. ''I'll be working as a consultant in an international engineering firm. I need to learn US. water resources history, so I can help avoid repeating the mistakes we made 50 years ago."
The International Perspectives program is intended to prepare the next generation of hydraulicians to attack problem with water's abundance, scarcity, and flow that are becoming increasingly global in nature. _ ME C H AN I C AL ENG I NEER ING J ANUARY 2 000 47
